INTRODUCTION {#sec1-1}
============

Overweight and obesity are chronic conditions that increase the risk of cardiovascular and different chronic disorders.\[[@ref1][@ref2]\] In 2014, more than 1.9 billion adults were overweight, of whom more than 600 million were obese worldwide.\[[@ref3]\] Bibbins-Domingo *et al*. estimated that the prevalence of obesity will increase by 7% among men and by 10% among women in 2020.\[[@ref4]\]

Obesity might be treated by utilizing a combination of different lifestyle strategies such as energy intake restriction, increasing physical activity, and providing behavioral modification. Weight is often regained in a short-term period after initial weight loss maintenance. Therefore, long-term weight loss maintenance is usually an important issue. There are limited academic long-term evaluations of weight loss programs.\[[@ref3][@ref5][@ref6]\] Making dietary strategies for weight maintenance among the general population and, especially among weight-reduced individuals still needs more careful researches.\[[@ref3]\] Previous studies introduced different dietary interventions for weight loss maintenance. Besides the debate on low-fat or low-carbohydrate diets,\[[@ref6][@ref7]\] focusing on some food groups including fruits, vegetables, and low-fat dairies in the diet may be helpful for weight maintenance according to the recent body of evidence. However, energy intake is the key factor of weight maintenance.\[[@ref3]\] Energy intake will decrease by reducing energy density (ED) of a diet without producing short-term calorie restriction or feeling hunger.\[[@ref8]\] ED of foods refers to their energy content per unit weight (kcal/g).\[[@ref6]\] Low ED (LED) diets refer to the diets that are high in low-fat dairy products, lean meats, as well as fresh vegetables and fruits.\[[@ref2]\] There are several studies which showed the beneficial effects of LED diets on weight reduction.\[[@ref9][@ref10][@ref11][@ref12][@ref13]\] However, few studies discusses regarding the effects of such diets on weight maintenance.\[[@ref1][@ref3]\] Some earlier studies showed that long-term weight control will be facilitated by reducing the ED of the diet, through increasing intake of whole grains, fruits, vegetables,\[[@ref14]\] use of artificial sugar,\[[@ref14][@ref15]\] and fat substitutes.\[[@ref16]\] However, these results for long-term and short-term programs are still controversial.\[[@ref17]\] Fruits and vegetables could provide suitable amount of fiber and also a low glycemic index regimen, which might be appropriate for attenuating weight regain.\[[@ref4]\] In addition, these items could decrease the ED of the diet. Weight of food that subjects intake every day could be a factor related to their dietary ED.\[[@ref1][@ref8]\] Furthermore, long-term effects of this kind of diet on weight maintenance did not clearly state previously.\[[@ref18]\] Improvements in cardiovascular risk factors such as hyperglycemia, high blood pressure, elevated serum triglyceride (TG) level, and decreased high-density lipoprotein-cholesterol (HDL-C) was relevant to weight management. However, cardiovascular risks status is not clearly stated in weight loss maintenance period under different dietary management in the previously published papers. Many cardiovascular risk factors can be modified by dietary intakes like fiber, which is a key factor in a LED diet.\[[@ref19]\] There are few studies which determine the effects of LED diet on biochemical markers related to cardiovascular risk factors including TG, fasting blood sugar (FBS), low-density lipoprotein-cholesterol (LDL-C), HDL-C, total cholesterol, and blood pressure. Hence, we determined the longitudinal effects of LED diet on weight loss maintenance as the primary outcome and cardiovascular risk factors as the secondary outcome among those patients with the history of recently intentional weight reduction.

MATERIALS AND METHODS {#sec1-2}
=====================

Subjects {#sec2-1}
--------

This was a randomized controlled clinical trial study in a parallel design. Participants were recruited from the clinic in Alzahra Hospital, Isfahan University of Medical Sciences, Isfahan, Iran, during 2011. The sample size was calculated on the basis of the sample size formula suggested for parallel trials *n* = 2(\[Z~1−α/2~+ Z~1−β~\]^2^ × S^2^)/d^2^.\[[@ref20][@ref21]\] In order to reject the H~0~ hypothesis by α =0.05 and 1−β =80%, a 6.3 mg/dl change in serum LDL-C was considered as the significant level.\[[@ref20]\] Hence, 16 patients in each group (32 total) would provide adequate power for this study. However, to increase the power of study and compensating the dropping out within the study, 76 participants were screened, and finally, 70 participants were enrolled in the study. Participants were defined as those who were on usual weight loss diet for general health or medical reasons during the last 1 year, lost 4.6--9.1 kg of their body weight and in addition, they did not want to lose more weight. Hence, they were voluntarily going to maintain their weight following the previous weight loss period. Nonpregnant, nonlactative, and nonsmokers aged 40--70 years included in the present study. We followed up the participant for 7 months. Self-report of any ongoing condition that may contribute to significant weight gain or weight loss (e.g., pregnancy, cancer) was the only exclusion criterion.

The nutritionist enrolled seventy-six patients who were voluntarily agreed to participate in the present study, but six of them did not meet the inclusion criteria. Therefore, just 70 patients participated in the current study (male =35 and female =35). The protocol of the study was explained clearly for all the participants of the present study, and their written informed consent was obtained. The study was approved by the Research Council and Ethical Committee of Food Security Research Centre, Isfahan University of Medical Sciences, Isfahan, Iran, and has been registered at randomized clinical trial website (<http://www.register.clinicaltrials.gov>) with ID number NCT01659450. All subjects were assured about the medical confidentiality by informing that the data will be reported just as a result of research. The study was funded by Isfahan University of Medical Sciences; the funder had no involvement in the design, analysis, and interpretation of the data.

Study design {#sec2-2}
------------

The subjects were divided randomly by a nutritionist into two groups based on random sequencing generated in SPSS. The first group received a diet appropriate with their weight and the second group also received a diet with the same amount of the calorie in the form of LED diet. The LED diet was mostly contained watery foods such as soup, whole grain, fruits, and vegetables. During the 7 months follow-up, all participants met individually the dietitian each month and were given the new 1-day menu and encouraged to adhere the dietary program. We followed up the participants for 7 months and during all visits, a trained dietician provided dietary advice to the subjects for 15--20 min. Participants in both groups were encouraged to control their energy intake, but in LED group, more attention and emphasizes was done regarding the consumption of low-energy dense foods, such as vegetables, fruits, and soup. All subjects were educated regarding the exchange list during their weight loss period, and they were allowed to change their menu based on exchange list. Two groups were matched one-by-one for confounding variables such as age (age ±2 years), body mass index (\[BMI\] ±0.5 kg/m^2^), sex, and chronic diseases. Three days dietary and physical activity records were completed by each participant every month during the study and reviewed by dietitian in each visit. We requested all patients to do a physical activity program for 30 min each day. This physical activity was the same for all participants all over the study period. Blood pressure measurements were performed each month, and biochemical indices were assessed at baseline and end of the study after an overnight fasting (12 h). We had a dietary intervention; so, participants were not blinded.

Diets {#sec2-3}
-----

In the group with a usual diet, 35% of the energy was provided by fat, 15% by protein and 50% by carbohydrate. While diet of the LED group contained, 30% fat, 15% protein, and 55% carbohydrate. Most of the consumed carbohydrates in the LED diet group were fruits, vegetables, and whole grains. In addition, the group with a LED diet received more servings of vegetable groups daily in the form of liquid diets such as soup and stew or some menus contain more vegetables. Calorie requirements of each subject were estimated based on resting energy expenditure by the use of Harris--Benedict equation\[[@ref22]\] and physical activity levels. The amount of energy requirement was calculated based on the current weight of subjects without any more restriction. An exchange list of food groups was given to each person.\[[@ref23]\]

Assessment of dietary intake {#sec2-4}
----------------------------

Dietary intake was estimated from 3-day food records that included 2 week day and 1 weekend day. The participants completed the food records in each month for their follow-up visit. Food records were analyzed using the NUTRITIONIST IV. We used the method of Ledikwe *et al*.\[[@ref24]\] to determine the ED of the diets. This method calculates ED from food only as energy (kcal)/weight of food (g) excluding nonenergetic beverages.

Assessment of anthropometric measures {#sec2-5}
-------------------------------------

Anthropometric measurements including weight, height, and waist circumferences (WCs) were carried out on subjects. Calibrated digital scales were used for measuring the weight in minimally clothed of subjects. Height was measured by using an unstretched tape measure while the shoulders were in a normal position. We calculated BMI as weight (kg) divided by height (m^2^). WC was measured at the lowest rib margin and the iliac crest at the mid-axillary line, using an unscratched tape to the nearest 0.1 cm, respectively.\[[@ref25]\]

Assessment of other variables {#sec2-6}
-----------------------------

A questionnaire was used for sociodemographic status. Physical activity level was evaluated using a 3-day physical activity record and expressed as the metabolic equivalent (MET) hour/week. To calculate the MET, the compendium list of physical activity was used\[[@ref26]\] as follows: MET × duration of physical activity (minute). At last, the average of 3 days MET was reported for each subject as the total MET.

Assessment of blood pressure {#sec2-7}
----------------------------

Blood pressure of subjects was measured and recorded monthly by professional staffs that were blinded to the intervention. Participant\'s blood pressure was measured 3 times with at least 30 s interval in each follow-up session. Finally, the average amount of three measurements was considered as blood pressure.

Assessment of biochemical markers {#sec2-8}
---------------------------------

Blood samples of all the subjects were checked at baseline and end of the study to evaluate changes of the biochemical markers including, FBS, TG, LDL-C, HDL-C, total cholesterol during this 7 months period. Laboratory staffs were blinded.

Statistical analysis {#sec2-9}
--------------------

First, normal distribution of variables was tested by using Kolmogorov--Smirnov test, histogram, and p-p plots. All analyses were performed according to the intention-to-treat by using the last-observation-carried-forward method.\[[@ref27]\] Participant\'s data in their groups were analyzed based on random allocation, which was generated by a nurse, regardless of whether or not they actually adhered the dietary intervention. Descriptive statistics were calculated for all study participants using the SPSS statistical program (Version 16.0, Inc., Chicago, IL, USA). Dietary intake patterns of the participants and percentage of calories from fat, carbohydrate, and protein between two groups were compared using *t*-tests. To compare the differential changes of cardiovascular risk factors between two intervention groups repeated measures ANOVA was done. The analysis was carried on with and without adjustment for weight loss. The *P* \< 0.05 considered as significant. Data are presented as mean ± SEM.

RESULTS {#sec1-3}
=======

From 70 patients who participated in the present study, sixty patients completed this study. The attrition rate in both groups was 14%. Ten patients did not continue all the follow-up visits due to far distances between their home and clinic (*n* = 4), travel to another city (*n* = 1) and did not act according to their diets all over the study (five in low energy dense diet group). Patient\'s flow diagram is presented in [Figure 1](#F1){ref-type="fig"}. The baseline characteristics of patients are summarized in [Table 1](#T1){ref-type="table"}. The mean age of participants was 55.0 ± 6.9 years mean ± SEM of BMI in LED and control groups were 24.0 ± 0.40 and 24.4 ± 0.46 kg/m^2^, respectively.

![Patients flow diagram in the present study](JRMS-21-32-g001){#F1}

###### 

Baseline characteristics of participants

![](JRMS-21-32-g002)

[Table 2](#T2){ref-type="table"} shows dietary intakes of patients in LED diet group and usual weight maintenance diet group. According to this table, the LED diet group consumed higher amount of vegetables (5.5 ± 0.3 vs. 3.2 ± 0.2 servings/day, *P* = 0.04), fiber (19.9 ± 2.3 vs. 13.9 ± 1.6 g/day, *P* = 0.03), and lower amount of fat (57.5 ± 5.6 vs. 65.3 ± 6.1 g/day, *P* = 0.04). Amount of energy intake between these two groups was not statistically significant. Physical activity level was not significantly different between two groups (19.7 ± 3.3 MET h/w in usual diet vs. 17.3 ± 3.1 MET h/w in LED diet, *P* = 0.19).

###### 

Dietary intakes of patients in low energy dense diet group for weight maintenance and usual weight maintenance diet group

![](JRMS-21-32-g003)

Baseline and end values as well as differences in changes of baseline and end values of cardiovascular risk factors in subjects with a usual weight maintenance diet and a LED diet for weight maintenance are summarized in [Table 3](#T3){ref-type="table"}. Based on this table, the percentage of weight loss was −1% in low energy dense diet and 1% in usual weight maintenance diet. Besides, there was a significant difference in the changes of FBS (*P* = 0.001), total cholesterol (0.02), and LDL-C values (*P* = 0.01) of control group as compared with LED diet group. These differences were still observed after adjusting for weight loss.

###### 

Baseline and final values of cardiovascular risk factors among patients with the history of weight reduction in weight maintenance period following a usual weight maintenance diet and a low energy dense diet for weight maintenance^a^

![](JRMS-21-32-g004)

DISCUSSION {#sec1-4}
==========

Results of the present study showed −1% weight loss in patients with LED diet while the usual diet consumers had 1% weight gain. Furthermore, LED diet showed more favorable effects on FBS, total cholesterol, and LDL-C. Nowadays, the way of maintaining lost weight is more important than losing weight. Accumulative evidence indicates that different behaviors such as eating breakfast every day, consuming a low-fat diet, and high levels of physical activity can be effective in controlling the weight maintenance.\[[@ref28][@ref29]\] However, little is known about the efficacy of different diets on weigh maintenance and cardiovascular risk factors. Present study is the first study which determined the effects of LED diet on both weight maintenance and cardiovascular risk factors among Asian people.

In the present study, a significant difference was observed in fat and fiber intake between two groups. The amount of fat and fiber intake, affect the ED, which consequently might lead to weight management. Previous studies reported that lower carbohydrate intake resulted in a greater weight loss than a low-fat, high carbohydrate diet.\[[@ref30][@ref31]\] However, it is not shown that low-carbohydrate intake facilitates weight maintenance after 1 year of follow-up.\[[@ref31]\] No significant association between total carbohydrate intake and BMI was reported in earlier studies.\[[@ref32][@ref33]\] Accordingly, our findings suggest that the type of carbohydrate might be more effective on body weight and weight maintenance than its amount. We found that higher amount of carbohydrate intake, especially in the form of fiber and complex carbohydrate had more beneficial effects on weight maintenance. The possible underlying mechanism of these effects might be due to the higher contents of fiber and water in complex carbohydrate which increase the food volume without any significant increase in calorie content.\[[@ref34][@ref35]\]

Results of the present study showed a significant reduction in weight and WC of subjects in LED diet group, which is in agreement with earlier study.\[[@ref36]\] The effects of dietary fiber on reducing the body fat stores might be due to reducing the energy intake and chylomicron concentrations and increasing the fat excretion.\[[@ref37]\] Moreover, high fiber intake will increase the blunted postprandial, which consequently improves the insulin sensitivity.\[[@ref38]\]

Furthermore, changes of FBS in LED diet group decreased after 7 months follow--up while did not markedly change in the control group. One of the markers which can increase the risk of cardiovascular disease (CVD) is elevated FBS. McKeown *et al*.\[[@ref39]\] reported an inverse association between complex carbohydrate and FBS concentration. In addition, more consumption of fruits and vegetables lead to better control of glycemia level, which is due to higher amount of fiber, isoflavon, and phytoestrogen.\[[@ref40]\] Previous epidemiologic\[[@ref38]\] and clinical trial studies\[[@ref40]\] indicated the associations between high fiber intake and improved cardiovascular risk factors. Weight loss was not the only beneficial health effects of LED diet. A significant reduction was also observed in the changes of total cholesterol and LDL-C in LED diet group compared with usual diet weight maintenance group after 7 months of follow-up. LED diet in the form of fiber and complex carbohydrate like Dietary Approaches to Stop Hypertension diet can play an important role in reducing cardiovascular risk factors.\[[@ref41]\] Improvement of cardiovascular risk factors might be due to the viscose fiber of fruits and vegetables (such as pectin) in the LED diet.\[[@ref42][@ref43][@ref44]\] The possible mechanism of reduced LDL-C by fiber consumption is via the absorption of bile acids and cholesterol. Fiber will decrease the reabsorption of bile. Therefore, liver will convert more cholesterol into bile acids and uptake more LDL-C.\[[@ref45]\] Although the control group had a usual weight maintenance diet, the CVD risks between them were much higher than the LED diet group.

Weight and WC significantly reduced in LED diet group while these measurements increased in the group with usual diet. Although there were significant differences in the amount of FBS, total cholesterol, and LDL-C, the extent to which the benefits of LED diet on the mentioned cardiovascular risks were mediated by weight loss was not clear. However, as the significant difference between two groups after adjustment for weight reduction was still observed, it appeared that LED diet exerted beneficial effects independently.

There are some strengths in the present study that should be taken into account. This is the first study which assessed the long-term effects of LED diet on cardiovascular risk factors and weight maintenance at the same time among Asian people. Until recently, all of the studies were limited to the ED effects on weight management. Besides, foods were not prepared for the participants in the present study, and dietary intake was self-reported. By the way, the significant effects of LED diet showed the possible adherence of the patients. One of the limitations of the present research was the duration of the study. The aim of the study was assessing the weight maintenance in LED and usual diet consumers. Therefore, the researchers included all the possible numbers of the subjects and did not focus on the healthy people. Besides, in the present study, we could not measure the psychological factors related to CVD. However, some recent studies showed that psychological factors play an important role in the etiology, progression, and consequences of this disease.\[[@ref46]\] Indeed, we need more long-term studies to determine the effects of LED diets on weight maintenance and cardiovascular risk factors among healthy individuals.

CONCLUSION {#sec1-5}
==========

The present study suggests that individuals with LED diet can maintain their weight loss longer and they are less dispose to the risk of CVD. Generally, reductions in dietary ED are a healthy weight management strategy.
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